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Abstract
Estimation of littoral drift and direction of net drift are needed for design of harbour projects. Different methods are used to
study shoreline changes in the coastal area. Among them, mathematical modelling is considered as an effective technique. The
current study addresses this issue through the use of mathematical models viz. spectral wave model to derive nearshore wave
climate, Boussinesq wave model for evolving the harbour layout to provide adequate wave tranquillity in the harbour basin and
one line model for prediction of shoreline changes in the adjacent shoreline of the project. In the present study, the
mathematical models were applied for design of a layout for fishing harbour, on the West Coast of India in Kerala State.
Different alternatives of the harbour layout were tested in order to reduce siltation in the harbour and also to achieve the desired
tranquillity in the harbour basin. In the first alternative, the southern breakwater was extended by 340 m.  However it was
observed that after two to three years, the shoreline will advance and the drift will start entering the harbour basin. Therefore, in
the second alternative, the mouth of the harbour was further taken into deeper water to minimize the drift entering in the
harbour. With this alternative the wave tranquility studies showed that the layout is adequate to provide desired tranquility in
the harbour basin and the wave heights will remain within 0.3 m almost round the year. Thus, mathematical modelling
technique was used to evolve a harbour layout that satisfies the tranquillity criteria and also ensures minimum siltation in the
harbour basin.
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1. Introduction
Fisheries sector is considered as one of the most important productive and developing sectors of the Kerala state.
In order to promote fishing sector Kerala government is building fishing harbours across Kerala coast. One such
fishing harbour with two breakwaters, north breakwater of 145 m length and south breakwater of 476 m length was
constructed at Thottappally. The location is fully exposed to the high waves of upto 2.5 m height from Arabian Sea
and also to the effects of littoral drift. Presently, major siltation in the harbour and subsequent advancement of the
shoreline on southern side of south breakwater and erosion on northern side of north breakwater has been observed
since the construction of the two breakwaters. Central Water and Power Research Station (CWPRS) suggested
modifications to the existing harbour layout to minimize the problem of siltation in the harbour and provide
adequate wave tranquillity. This paper presents Mathematical model studies carried out to optimize the harbour
layout to provide desired tranquillity in the harbour and also to reduce siltation in the harbour.
2. Methodology
The offshore wave data reported by India Meteorological Department as observed from ships plying in deep
waters off Thottappally were transformed by MIKE 21 (SW) Spectral Wave model to get the near-shore wave
climate at the fishing harbour in the absence of measured near-shore wave data. MIKE21- (BW) Boussinesq Wave
was used for assessment of near-shore wave field and wave penetration in the fishing harbour. Estimation of
littoral drift distribution and simulation of shoreline changes were carried out using LITPACK model. These
mathematical models are developed by Danish Hydraulic Institute , Denmark
3. Site Conditions
The fishing harbour is situated at 9°19'8.64"N latitude and 76°22'47.21"E longitude (Fig 1). The near-shore
bathymetry at the site is having mild slope and the coastline orientation is 1550N. Mean tidal level is 0.6 m.
observed shoreline changes from October 2005 to February 2013 were considered for the study. The grain size
(D50 ) varied from 0.22 mm to 0.09 mm.
Fig 1. Location Map and bathymetry of Thottappally Fishing Harbour, Kerala
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Littoral drift between Fort Cochin and Anthakaranazhi is 7X106 m3 towards south as estimated by Pravin D
Kunte (2001). Longshore sediment transport rates for the Kerala Coast were estimated by V. Sanil Kumar (2006).
The annual net transport of 16,929 m3 towards north was estimated at Alleppey which is about 25 km towards
North of Thottappally. The annual net transport of 383,784 m3 towards south was estimated at Kollam which is
about 50 km towards South of Thottappally. From shoreline changes occurring in the vicinity of the breakwaters
and also the satellite imageries from Google, it is seen that net drift is towards north.
The Offshore wave climate during the entire year indicates that the predominant wave directions in deep water
are from SSW to West with the maximum wave heights of the order of 4.5 m. (Fig 2). These deep water wave data
were transformed by MIKE 21- SW model to get the near-shore wave climate in 8m depth at the fishing harbour.
Frequency distribution of near- shore waves for entire year is shown in Fig 2.
Fig 2.(a) Offshore wave rose, (b) Near shore wave rose
Wave conditions shown in Table 1 were considered for simulation of wave propagation in the harbour using
MIKE21-BW model.
Table 1. Input Wave Conditions for MIKE21-BW Model
Wave direction (deg.N) Mean Wave Period (sec) Wave height(m)
220 8 2.5
230 8 2.5
240 8 2.5
250 8 2.5
260 8 2.5
270 8 2.5
4. Estimation of littoral drift distribution and simulation of shoreline changes
LITDRIFT module of LITPACK software was used to estimate annual littoral drift rates and its distribution on
the profile normal to the shoreline. The LITDRIFT module simulates the cross-shore distribution of wave height,
setup and longshore current for an arbitrary coastal profile. The longshore and cross-shore momentum balance
equation is solved to give the cross-shore distribution of longshore current and setup. Wave decay due to breaking
is modelled. LITDRIFT calculates the net/gross littoral transport over a specific design period. Important factors,
such as linking of the water level and the beach profile to the incident sea state, are included.
The bed profile near the harbour was used for drift computation. This profile covers a distance of 2.4 km
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extending up to about -8m depth contour (with respect to Chart Datum). The profile was descretized with grid size
of 10 m. The model was calibrated for observed shoreline changes. The model was run for annual nearshore wave
climate. Annual, northward and southward transport rates were computed and are shown in Fig.3. The northward
drift is plotted as positive while southward drift is plotted as negative.
Fig. 3 Annual Northern & Southern Littoral Drift
In order to assess the impact of the breakwaters on the coastline, LITLINE module of LITPACK software was
used. The length of the shoreline considered for the studies is 1.2 km, extending about 500 m towards north of the
breakwater and about 500 m towards south of the breakwater. It is divided into 236 grid points of grid size 5 m.
The harbour layout proposed by Harbour Engineering Division (HED), Kerala, was considered for the shoreline
evolution. The harbour layout consists of Northern breakwater of 250 m length and southern breakwater of 816 m
(476+340) length Fig 4(a). LITLINE is a one dimensional model. Therefore, projected lengths of the breakwaters
were considered in the model setup. For the proposed layout, projected lengths of 250 m and 370 m of the
Northern and Southern breakwater were considered respectively. While the modified layout suggested by CWPRS,
consists of southern breakwater of 896 m (476+420) and Northern breakwater of 436 m length Fig 4(b). For the
modified layout, projected lengths of 388 m and 460 m of the Northern and Southern breakwater were considered
respectively. The model was run for 2, 4 and 6 years with the proposed breakwaters and modified breakwaters
Fig. 4 (a) Proposed Layout (b) Modified Layout
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4.1 Discussions
Studies for estimation of littoral drift indicated that northward, southward, net and gross transport in a year are
of the order of 84580 m3, 43020 m3, 41560 m3 and 127870 m3 respectively and net transport is towards north. The
maximum transport occurs at about 120m from the shoreline (i.e. High Water Line) at around -1.6m depth contour.
The transport is occurring up to about 350 m from the shore (HWL) between 0.78 m and –3.5 m depth contours.
The shoreline changes simulated for the proposed layout indicated that due to the construction of the
breakwaters, accretion would take place on southern side of south breakwater and erosion on northern side of north
breakwater as shown in Fig 5(a). After 1 year the maximum cross-shore accretion would be about 25 m, after 2
years 33 m, 48 m after 4 years and 74 m after 6 years. The southern and northern breakwater tips are in -4 m depth.
As sand bypasses the southern breakwater, most of sand is transported inside the harbour. In order to avoid
siltation in the harbour the harbour layout proposed by HED, Kerala was modified. Alignment of the breakwaters
was modified to minimize the drift entering inside the harbour. With modified layout shoreline evolution studies
indicated that due to the construction of the breakwaters, accretion would take place on southern side of south
breakwater and erosion on northern side of north breakwater as shown in Fig 5(b). After 1 year the maximum
cross-shore accretion would be about 38 m, after 2 years 52 m, 75 m after 4 years and 92 m after 6 years. Most of
the sand is blocked by southern breakwater, and small amount of sand is transported inside the harbour. To prevent
erosion on the northern side of the harbour, the existing seawall needs to be maintained and repaired.
Fig. 5 Shoreline Evolution (a) Proposed Layout (b) Modified Layout
5. Wave tranquility studies
Wave propagation inside the harbour was simulated for the harbour layout proposed by HED, Kerala as well as
modified layout based on shoreline evolution studies.
MIKE21-BW was used for studying the wave disturbance in the harbour. The model is based on time dependent
Boussinesq equations of conservation of mass and momentum obtained by integrating the three-dimensional flow
equations without neglecting vertical acceleration. The model simulates the processes of shoaling, refraction,
diffraction from breakwater tips and bed friction. It also takes into account partial reflections from the boundaries,
piers and breakwaters.
5.1. Discussions
The existing layout consists of Northern breakwaters of 145 m and southern breakwater of 476 m length having
a clear gap of 90 m in between them. The proposed layout consists of Northern breakwater of 250 m and southern
breakwater of 816 m (476+340) length having a clear gap of 120 m in between them. Model area of 4 km by 3 km
was discretised with a grid size of 3 m by 3 m. While the modified layout suggested by CWPRS, consists of
southern breakwater of 896 m (476+420) and Northern breakwater of 436 m length each having a clear gap of
100 m in between them. Area of 4 km by 3 km was discretised with a grid size of 3 m by 3 m. Simulations were
carried out for the tidal level at +1.2 m corresponding to MHWS.
Wave height distribution in the harbour basin for waves coming from 2600 N direction is shown Fig. 6(a) for
proposed harbour layout and Fig. 6(b) for modified harbour layout respectively. It is seen that wave heights in the
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harbour basin are generally within the permissible tranquility limit of 0.3 m for both the harbour layouts.
Fig. 6 Wave Height Distribution with (a) Proposed Layout (b) Modified Layout
6. Conclusions
The exiting harbour at Thottappally is subjected to siltation inside the basin due to passage of northward littoral
drift through the harbour entrance. In the layout proposed by HED, Kerala, though the southern breakwater is
extended, after two to three years the shoreline will advance and the drift will again start entering the harbour
basin. Therefore, modifications to this harbour layout are suggested to minimize the drift entering in the harbour.
With the modified layout it was observed that sand bypassing towards north will reduce. The wave tranquility
studies showed that the modified layout is adequate to provide desired tranquility in the harbour basin. The
existing seawall on the northern side of the port needs to be repaired and maintained to provide protection to this
reach of the coastline.
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